Abstract Prices are macro-observables of a financial market that result from the trading actions of a huge number of individual investors. Major stylized facts of empirical asset returns concern (i) non-Gaussian distribution of empirical asset returns and (ii) volatility clustering, i.e., the slow decay of autocorrelations of absolute returns. We propose a model for the aggregate dynamics of the market which is generated by the coupling of a 'slow' and a 'fast' dynamical component, where the 'fast' component can be seen as a perturbation of the 'slow' one. Statistical properties of price changes in this model are estimated by simulation; sample size is 4 × 10 6 . It is shown that increasing the decoupling of these two dynamical levels generates a crossover in the distribution of log returns from a concave Gaussian-like distribution to a convex, truncated Levylike one. For a sufficiently large degree of dynamic decoupling, the return trails exhibit pronounced volatility clustering.
Introduction
Today, a huge proportion of the economic welfare of individuals and of whole countries is tightly bound to the functioning of international networks of economic institutions and financial markets. It is of vital interest to understand their organization and particularly their dynamics. Markets exhibit structures on various levels of organization. These structures put the agents' actions into interdependencies. In a connected network, interdependencies do not remain local in general (see Foellmer, 1974) . For understanding dynamic properties, such as price evolution, it is therefore important to consider the dynamics of the S. Reimann (B) · A. Tupak Swiss Banking Institute, University of Zurich, Zurich, Switzerland e-mail: sreimann@isb.unizh.ch individual states of the agents (their wealth dynamics, for example), as well as the dynamics of network structure itself.
Typically, an agent lives in a situation where both the number and diversity of his interactions is huge, while interactions might be long-range instead of localized. On the other hand, agents realistically only have finite computational power, and in general can only recognize their neighborhoods instead of the entire network. How, then, can they deal with this situation? The assumption of rationality would help solve this dilemma, but is quite unrealistic. This was already mentioned some time ago by Simon (1957) . It is therefore natural to consider a financial market as an evolving network of interacting agents which are 'boundedly rational'. For a detailed survey and discussion of Heterogeneous Agents' Models and their properties, see the survey by Hommes (2006) for deep discussions and an extended overview of literature on various aspects and models.
Weakening the assumption of strict rationality opens the door for a variety of ad hoc 'behavioral' assumptions in such models and hence for some arbitrariness. Typically, such models exhibit strong non-linearities and have many degrees of freedom, allowing for a wide range of qualitatively different results. It may not be surprising that such models can generate time series that look realistic. The natural question then, of course, is whether related properties are generic or left to particular parameter settings only. While single parameters might not be measurable with sufficient precision, the question is which model in this 'zoo' is reasonable. Our standpoint is that this judgement has to be left to data, while the simplicity of a model is another criterion for its explanatory value! What are the relevant data? Given that the outcome of an experiment is merely stochastic, these data can only be typical statistical properties, i.e., properties that are common to almost all realizations. For a financial market, this means that relevant data are those statistical properties that are common to all empirical observations. These invariant properties were termed 'Stylized Facts'. Therefore, a particular model is judged in terms of its capability to reproduce stylized facts.
The number of agents in a financial market is huge. As a result of their aggregated actions, prices are formed on this market; prices thus have to be regarded as 'macro-observables'. A strict bottom-up modeling approach therefore would consist in writing down the 'equations of motion' of these individual agents. For a realistic number of traders on the market, this is not only practicably impossible, but also unnecessary, because the quantity being dealt with-prices-is an 'average property' of the ensemble. Individual dynamics are therefore largely irrelevant. This is precisely analogous to the situation in Thermodynamics, which considers macroscopic properties of systems consisting of 10 23 particles, in the order of magnitude. Thermodynamics is one of the most successful disciplines in physics, and it has survived fundamental paradigmatic changes in physics because it considers typical properties of the system, i.e., properties that are, by definition, independent from a particular microscopic realization, such as the temperature of a gas or its pressure.
